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Abstract
In this work a simple chemical route was employed to synthesize ZnO microparticles by precipitation from aqueous solution of
ZnCl2 as precursor, NaOH as oxidizing and sodium dodecyl sulfate (SDS) as surfactant. Samples of ZnO microparticles were
analyzed by scanning electron microscopy (SEM), FTIR spectroscopy, Raman spectroscopy, X-Ray diffraction, UV/Vis-NIR
diffuse reflectance, high resolution transmission electron microscopy (HR-TEM), and N2 adsorption-desorption. It was observed
from SEM analysis that ZnO microparticles with morphologies resembling six-blade impeller with diameters in the range of
500 nm to 1 m, and sheet-like (approximately 200 nm × 300 nm) were obtained through this technique. X-Ray diffraction and
Raman analyses confirmed the obtaining of hexagonal wurtzite ZnO crystal structure. The calculated band gap energy was 3.19
eV, which is slightly lower than the average value reported in the literature. Specific BET area of ZnO microparticles was 26.5
m2/g.
Keywords: ZnO, microstructures, band gap energy, SEM, morphology.
Resumen
En este trabajo se empleó un a ruta química sencilla para sintetizar micropartículas de ZnO mediante precipitación en solución
acuosa de ZnCl2 como precursor, NaOH como oxidante y dodecil sulfato de sodio (SDS) como tensoactivo. Las muestras de
ZnO fueron analizadas mediante microscopía de barrido electrónico (SEM), espectroscopía de FTIR, espectroscopía Raman,
difracción de rayos-X, reflectancia difusa de UV/Vis-NIR, microscopía de transmisión de electrones de alta resolución (HR-
TEM), y mediante adsorción-desorción de N2. Se observó mediante análisis de SEM que mediante esta técnica se obtienen
micropartículas de ZnO con morfologías similares a impulso es de seis-aspas con diámetros entre 500 nm y 1 m, morfologías
tipo-hojas (de aproximadamente 200 nm × 300 nm). Los análisis de difracción de rayos-X y de Raman confirmaron la obtención
de ZnO con estructura cristalina wurtzita hexagonal. La energía de band gap calculada fue de 3.19 eV, la cual es ligeramente
menor que el valor promedio reportado en la literatura. El área superficial BET de las nanopartículas de ZnO fue de 26.5 m2/g
Palabras clave: ZnO, microestructuras, energía de band gap, SEM, morfología.
1 Introduction
The synthesis of semiconducting materials in the
nano/micrometric scale have attracted much attention
in the last decades due to their different electronic,
structural, and thermal properties compared with
the bulk scale, which permits to be applied as
photocatalyst, sensors, electronic devices (Kumar et
al., 2013), or in areas as medicine, agriculture,
energy storage, communications, etc. (Grillo et al.,
2015; Pereira et al,. 2014). ZnO is one of the most
versatile materials, typical bulk uses of ZnO are as an
additive in the production of diverse materials, such as
plastics, ceramics, glass, adhesives, coatings, creams,
foods, sunscreens, as well as bactericide and others
(Bamiduro et al. 2014; Zamiri et al. 2012; Pérez-
Sicairos et al. 2016). The importance of ZnO arises
from its properties of nanostructured forms of this
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wide band gap (3.37 eV) semiconductor which may
be exploited in electronic and photonic applications
(Romo et al., 2011).
Particles of ZnO have a great advantage to be
added to a catalytic reaction process due to their
relative high specific surface area and high catalytic
activity (Chen and Tang, 2007). Zinc oxide can
be synthesized in one-, two-, and three-dimensional
structures. One-dimensional morphologies make up
the major group, for example nanorods (Banerjee
et al., 2003), needles (Wahab et al., 2007), helixes,
springs and rings (Kong et al., 2004), tubes
(Wu et al., 2002), or -wires (Nikoobakht et al.,
2013), among others. ZnO can be obtained in 2D
structures as nanoplates and nanosheet (Chiu et al.,
2010). Three-dimensional structures of zinc oxide
comprise cauliflower, dandelion, snowflakes, spheres,
etc. ZnO provides one of the greatest diversity
particle structures among all known nanomaterials
(Kolodziejczak-Radzimska and Jesionowski, 2014).
It has been demonstrated that zinc oxide
shows different physical and chemical properties
depending on the shape and sizes of nanostructures
(Kumar et al., 2013); therefore, different methods
of synthesis are being investigated with respect to
the morphology, physical and chemical properties
of synthesized zinc oxide. For example, Peng et
al. (2010a, 2010b) synthesized ZnO nanostructures
with star-like, tetrapod and multipod-like morphology
through thermal evaporation method using Zn metal
as precursor, founding that ZnO particles were
about 2 µm in size, depending on the deposition
temperature. Though authors named these particles
as nanostructures, the sizes imply that microstructure
classification is more adequate. ZnO particles have
been obtained by hydrothermal process, as reported
by Li et al. (2011) that used a complex method called
hydrothermal micro continuous-flow synthesis. They
used zinc acetate as precursor and NaOH as oxidant to
precipitate ZnO particles. These authors observed that
spherical, cylinder-, star- and flower-like ZnO particles
with diameters in the range of 428 nm to 1.5 µm can
be obtained, which depend upon the molar ratio of
zinc acetate and NaOH.
Xie et al. (2011) reported a simple fabrication
method to obtain ZnO particles with different
morphology using ZnCl2 as precursor, NaOH or LiOH
as oxidant, and SDS or sodium dodecyl benzene
sulfonate (SDBS) as surfactants. They studied the
ZnO photocatalytic activity against methyl orange
dye degradation. They observed that morphology and
particles sizes depend on the ZN+2 /OH
− molar ratio
and on the surfactant type used. When using NaOH,
particles acquired rod-, needle- or flower-like structure
with lengths between 2 m and 15 m, and 500 nm to
780 nm in width; however by using LiOH rugby-like
morphology was observed with 70 nm in length and
42 nm in width.
In this work we have synthesized ZnO
microparticles with low band gap and with a mixture
of morphologies resembling six-blade impeller, sheet-
like and spheres by a simple chemical route. ZnO was
fully characterized by SEM, HRTEM, XRD, EDS,
FTIR, Raman spectroscopy, and the band gap energy
was calculated by UV/Vis-NIR diffuse reflectance.
2 Materials and methods
2.1 Materials
ZnCl2 (> 97%), NaOH (> 97%) and SDS (> 99%)
were purchased from Jalmek (San Nicolas de los
Garza, Mexico). Distilled grade water was used in the
synthesis and purification.
2.2 Synthesis of ZnO nanostructures
ZnO was precipitated from aqueous solution of ZnCl2.
8.17 g of ZnCl2were dissolved in 60 ml of distilled
water under magnetic stirring at 60 °C. Afterwards,
a solution of 0.86 g of SDS dissolved in 15 ml
of distilled water was added to ZnCl2 solution with
magnetic stirring at room temperature (25 °C ± 2 °C).
After 5 min of stirring, a NaOH aqueous solution (14.4
g of NaOH in 90 ml of water) was added drop by
drop under magnetic stirring. Then, 135 ml of distilled
water were added to reaction mixture, and reaction
proceeded through 1.5 h. After that, reaction mixture
was transferred to a 500 ml glass bottle screw-top,
sealed and placed in an oven at 80 °C by 5 h. ZnO
product formed as a white dust at the bottom of the
jar, therefore the supernatant was decanted, and ZnO
product was washed several times with water using a
filter paper, to remove surfactant, and other impurities.
Washed ZnO was dried at 60 °C through 24 h.
2.3 Characterization
The resulting dried ZnO microparticles were analyzed
by FTIR spectroscopy (Agilent, Cary 630) and Raman
spectroscopy (B& W TEK INC.). SEM analysis was
completed (JEOL high resolution scanning electron
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microscope, JSM 7800F in SEM mode at 30 kV
of beam acceleration) dispersing samples (1:100) in
distilled water in the presence of ultrasound. A drop
of the dispersed sample was poured onto a copper
grid coated with FormvarTM resin and carbon film,
afterwards it was allowed to dry overnight at room
temperature. ZnO was analyzed by HR-TEM (JEOL,
JEM ARM 200F) at 200 kV. Elemental analysis was
performed by Energy Dispersive X-Ray Spectroscopy
(EDS) using a detector coupled to the SEM. X-
Ray diffraction analysis (XRD) was performed with
a PANalytical Empyrean diffractometer using the
Cu Kα radiation (λ = 1.54056 Å) at 40 kV
and 40 mA with a 2Θ step of 0.026° and a
counting time of 0.4 s per point. The crystallite
structure was refined via Rietveld method by use
of the Topas4 code. UV/Vis-NIR diffuse reflectance
spectroscopy measured between 200 and 800 nm using
a spectrophotometer (Thermo Scientific, Evolution
220) equipped with an integrating sphere. The specific
surface area (ABET ) of ZnO was determined by N2
physisorption (Micromeritics, ASAP 2020) using the
Brunauer, Emmett, Teller (BET) method.
3 Results and discussion
The reaction of zinc ions and sodium hydroxide
proceeds according to equation (1):
ZnCl2(aq) + 2Na(OH)(aq)→2Na+ + 2Cl−
+Zn(OH)2 ↓ (1)
The final product of the process is zinc oxide upon
calcination by the following reaction:
Zn(OH)2→ ZnO+H2O (2)
Fig. 1 shows the Raman spectra of synthesized ZnO
microparticles. The main peaks of ZnO at 97, 330,
380, 432, 484 and 580 cm−1 can be observed. Signal
at 97 cm−1 is due to E2 low optical phonon, peak at
330 cm−1 represents second order Raman spectrum
due to zone-boundary phonons of hexagonal ZnO
(multiple phonon scattering process), signal at 380
cm−1 corresponds to A1 (TO) mode, peaks at 432 and
at 484 cm−1 is ascribed to E2 high mode of non-polar
optical phonon of wurtzite ZnO, and the signal at 580
cm−1 can be attributed to E1 (LO) mode of hexagonal
ZnO (Peng et al. 2010a, 2010b; Filali et al. 2015).
Fig. 2 shows the FTIR spectra of ZnO microstructures,
it can be observed that the typical signal of ZnO
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Fig. 2. FTIR spectrum of ZnO microstructures.
interaction in stretching mode was near to 893 cm−1
(Ovando-Medina et al. 2015). Metal oxides generally
present signals in the fingerprint region (< 1000 cm−1)
due to inter-atomic vibrations. The peak observed at
3440 and 1120 cm−1 may be due to O-H stretching
and deformation, assigned to water adsorption on the
metal surface (Kumar and Rani, 2013).
Fig. 3 shows a Rietveld refinement plot from
X-Ray diffraction pattern of ZnO microparticles.
Diffraction peaks indicate the nanocrystalline nature.
Diffraction peaks corresponding to the precursors
(ZnCl2 or NaOH) were not found in the XRD patterns,
confirming the high purity of the synthesized ZnO.
Signals at 2θ of 31.7, 34.3, 36.2, 47.5, 56.5, 62.8,
66.3, and 69.0 correspond to the reflection from
100, 002, 101,102, 110, 103, 200, and 112 planes,
respectively (Peng et al. 2010a). The XRD pattern of
ZnO was modeled with the space group C6V=P63mc,
which corresponds to hexagonal phase with wurtzite
structure. After refinement, the R-bragg residue found
for this structure was 12 %.
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Table 1 Rietveld analysis of the ZnO phase; lattice parameters, average crystallite size, and the average microstrain.
Sample Average size (nm) Average microstrain (%) Reported values in the ICDD-01-076-0704 (Å)
a = b c
ZnO 74 0.31 3,2568 5,2125
values obtained by refinement (Å)
a = b c
3,2559 5,2155
 
 
Figure 3 Rietveld refinement plot of ZnO. The gray curve corresponds to the experimental 
data, and the black curve shows the calculated XRD pattern. The lower curve is the 
difference between both data sets. The vertical marks correspond to the ZnO phase 
 
 
Figure 4 EDS spectrum of ZnO microstructures. 
 
 
10 20 30 40 50 60 70 80 90 100
0
200
400
11
2
20
0
00
2
10
311
0
10
2
10
1
00
2
 
 
x1
03
 C
ou
nt
s
Two theta (degrees)
10
0
Fig. 3. Rietveld refinement plot of ZnO. The gray
curve corresponds to the experimental data, and the
black curve shows the calculated XRD pattern. The
lower curve is the difference between both data sets.
The vertical marks correspond to the ZnO phase.
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Fig. 4. EDS spectrum of ZnO microstructures.
Table 1 lists the lattice parameters, average
crystallite size, and the average crystallite strain of the
zinc oxide phase. The unit cell dimensions obtained
by Rietveld refinement method (Romero-Galarza et
al. 2014) are slightly different to the reported values
in the ICDD-01-076-0704. A small decrease of the a-
axis and a small increase of the c-axis were observed.
Thus the change of the dimensions in the unit cell
affects the ZnO crystallites morphology. Fig. 4 shows
the elemental analysis obtained by EDS. It can be
seen the typical peak corresponding to Zn and O.
Carbon signal can be due to the grid used for sample
analysis; however peak corresponding to S, can be
ascribed to some SDS surfactant which remains after
ZnO washing.
Fig. 5a shows a typical SEM image of the as-
prepared ZnO nanostructures at 5,000 magnifications.
Many six-blade impeller-like ZnO nanostructures
are detected (circles). Observed diameters for this
morphology were between 500 nm and 1 µm. However
some others morphologies can be detected like
needles with 300 to 600 nm in length. Upon 10,000
magnification agglomerated structures cabbage-like of
approximately 2 µm of diameter were also observed
as shown in Fig. 5b (squares). Fig. 5c shows also
spherical particles having sizes of ≈ 25 nm of diameter
and rice grain shape morphologies with average size
of 50 nm in length. Structural details of the ZnO
microparticles were analyzed by HR-TEM as shown in
Fig. 5d. HR-TEM image displays clear lattice fringes,
which reveal the single crystalline nature of ZnO.
The measured lattice spacing was 0.28 nm, which is
slightly different to the value of 0.2817 nm reported in
the ICDD- 01-076-0704, corresponding to the (0001)
planes, confirming that the ZnO nanoparticles are
preferentially grown along [0001] direction, as well as
the difference between both lattice spacing could be
related to the micro-strain reported in Table 1.
According to methodology reported by Xie et al.
(2011), needle-like morphology was expected, but in
our case changing temperature of NaOH addition from
3 °C to room temperature, very different morphologies
with smaller sizes were obtained. This behavior can
be ascribed to better surfactant stabilization at higher
temperatures. Crystal formation is divided in two
steps: nucleation and growing, therefore its rates
define ZnO morphology. Nucleation and growing rates
are strongly affected by the presence of additives as
SDS, basicity solution and temperature (Xie et al.,
2011, Li et al., 2005). In our case we had used high
OH− concentration (ZN+2 /OH
− molar ratio = 1:6),
which would ensure the formation of a high number
of nuclei; but in the other hand, it has been proposed
that SDS can be absorbed at the ZnO nuclei on the
0001 crystal face, retarding the growth along c-axis.
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Fig. 5. SEM images (a-c) at different magnifications, and (d) HR-TEM of ZnO microstructures.
 
            
Figure 5 SEM images (a-c) at different magnifications, and (d) HR-TEM of ZnO 
microstructures. 
 
 
Figure 6 UV/Vis-NIR absorption spectrum (a) and Kubelka-Munk function (b) of 
synthesized ZnO microparticles. 
 
 
 
Fig. 6. UV/Vis-NIR absorption spectrum (a) a d Kubelka-Munk function (b) of synthesized ZnO microparticles.
However, from our XRD and HR-TEM results we
can conclude that the high number of formed nuclei
favored the growth along [0001] crystal face.
The UV/Vis-NIR absorption spectra of the
samples are shown in Fig. 6a. Synthesized ZnO
microparticles showed a strong absorption band
between 200 nm and 400 nm. The band gap energy of
the sample was determined from extrapolation of the
linear portion of the Kubelka-Munk data to the photon
energy (hν) axis intercept (Cimitan et al., 2009), as
shown in Fig. 6b. The observed band gap of the sample
was 3.19 eV.
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Table 2 Some band gap values recently reported in the literature for ZnO nanostructures synthesized by different
chemical routes and precursors.
Reference Precursor Morphology Band gap, eV
Bijanzad et al. (2015) Zinc nitrate Mesoporous microbricks 3.19
Kumar et al. (2016 ) Zinc acetate Spherical 3.12
Kulkarni et al. (2015) Zinc acetate Spherical 3.30
Kumar et al. (2013) Zinc sulfate Nanoflakes 3.27-3.30a)
Samuel et al. (2009) Zinc nitrate Spherical 3.40
Moharram et al. (2014) Zinc acetate Spherical 3.52
Wang et al. (2012) Zinc nitrate-ZnO2 Spherical 3.0 to 3.25
This work Zinc chloride Impeller-, sheet-, and spherical-like 3.19
This value is slightly lower than some reported in
the literature (Table 2). It can be seen in this Table that
band gap observed in our case is the same reported
value by Bijanzad et al. (2015) but higher than the
value reported by Kumar et al. (2016). However, most
of chemical routes involve a calcination step at high
temperatures, which is avoided in our work.
Specific surface area BET-is affected by the
morphology and size of microparticles. From N2
physisorption analysis, it was observed that BET area
of ZnO microparticles synthesized in this work was
26.5 m2/g. This value agrees with that reported in
the literature, for example, Thirumavalavan et al.
(2013) synthesized ZnO spherical nanoparticles with
diameters between 31 nm and 584 nm and BET areas
in the range of 2.3 m2/g to 23.7 m2/g, depending on
calcination temperature. Also, Bamiduro et al. (2014)
obtained ZnO microrods by the hydrothermal method,
observing very low BET surface area (2.8 m2/g).
Lee et al. (2014) found BET surface area as high
as 233 m2/g in the synthesis of ZnO nanoparticles
by precipitation from zinc acetate in the presence
of diethylene glycol and polyethylene glycol as
stabilizing agents. Therefore, we can conclude that
used method to synthesize ZnO microparticle strongly
affects the specific surface area.
Conclusions
ZnO microstructures were prepared using a simple
precipitation method at room temperature and aging
at 80 °C. SEM images of ZnO showed that the main
morphology was six-blade impeller-like and sheet-like
and, in minor amounts rice grain-like and spherical
morphologies. XRD analysis confirmed that the as
prepared material has a high purity and EDS analysis
showed the presence of S element due to some SDS
remaining in trace level. The band gap of ZnO was
3.19 eV which is slightly lower than the average values
reported in literature. BET area of ZnO microparticles
synthesized in this work was 26.5 m2/g.
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